Purpose To assess the validity of the Physical and Mental Component Summary scores (PCS and MCS) of the 12-item Short-Form Health Survey (SF-12), a measure of health-related quality of life (HRQoL), among persons with a history of stroke. Methods Persons with (n = 2,581) and without (n = 38,066) a reported history of stroke were enrolled in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study. Confirmatory factor analysis methods were used to evaluate the fit of a 2-factor model that underlies the PCS and MCS and to examine the equivalence of the factors across both study groups. Results The 2-factor model provided good fit to the data among individuals with and those without a self-reported history of stroke. Item factor loadings were found to be largely invariant across both groups, and correlational analyses confirmed that the two latent factors were highly related to the PCS and MCS scores, calculated by the standard scoring algorithms. The effect of stroke history on physical health was more than twice its effect on mental health.
Introduction
Health-related quality of life (HRQoL) is considered a major outcome indicator especially in chronic diseases, such as stroke, for which a complete recovery is often not observed [1] . As a result, health care providers are paying more attention to patients' perceptions of their health status and the effectiveness of the treatments they are receiving. Self-report measures of HRQoL are increasingly being incorporated into clinical practices and research studies, but the validity of these measures for specific patient populations is often unexamined and may be questionable.
A growing number of studies use the 12-item Short-Form Health Survey [SF-12; 2] to assess HRQoL among patient populations. This includes persons with a history of stroke or stroke symptoms [3] [4] [5] [6] . The SF-12 is a shortened version of the SF-36 [7] , a widely used self-report instrument for measuring HRQoL. Like the SF-36, scores on the SF-12 are summarized by two composite scores: a physical component summary (PCS) and a mental component summary (MCS). Previous studies have reported that the PCS and MCS from either SF-36 or SF-12 have satisfactory reliability and validity among patients with stroke [3, [8] [9] [10] [11] [12] . However, in an extensive study by Hobart and colleagues [13] , the SF-36 was administered to 177 patients with a history of ischemic stroke, and the item responses from this instrument were subjected to rigorous psychometric evaluation. Using a scorecard approach that classified whether the SF-36 items and scales met 8 scaling assumptions, these investigators concluded that summary scores generated from the SF-36 and, by extension, the SF-12 have ''limited validity as outcome measures after stroke (p. 1348). '' Limitations of many of the previous validity studies, including the one by Hobart and colleagues [13] , include the use of relatively small convenience samples identified from hospitals or rehabilitation programs and the failure to directly compare the psychometric properties of the SF-12 (or the SF-36) among persons with a history of stroke vis-à-vis persons without such history. Furthermore, although the PCS and MCS are obtained from an algorithm based on previous factor analysis results, to our knowledge, no previous studies have formally examined the underlying factor structure of the SF-12 items among persons with a history of stroke. Confirmatory factor analysis (CFA) is well suited for this purpose for several reasons [14] [15] [16] [17] [18] . First, CFA can evaluate the fit of competing factor models in terms of how well the item-level variances and covariances are explained by underlying latent factors. Secondly, it can determine whether a specific factor model provides comparable fit to the item-level data from multiple samples. Thirdly, CFA can be used to provide powerful modelbased tests of differential item functioning (DIF) between two and more groups [15] . With its connections to item response theory, CFA is superior for evaluating the psychometric properties of items as contributors to composite summary scores across multiple groups than subjective scorecard approaches that rely on simple counts of the number of items that pass arbitrary scaling criteria.
In the present paper, we used CFA to directly examine the validity of the PCS and MCS from the SF-12 in persons with and without a history of stroke using data from a large national epidemiologic study.
Method

Participants
The analyses were based on data from the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, a national, epidemiological study of adults 45 years and older in the United States [19] . The purpose of REGARDS is to determine the causes for the excess stroke incidence and mortality in the Southeastern United States and among African Americans. Recruitment began in January of 2003 and ended in October of 2007. A stratified sampling method was used such that approximately 50% of the participants were from the Stroke Belt region and 50% from the other regions of the United States. Within each geographic designation, the sampling design called for the study cohort to be approximately 50% African American and 50% White, 50% men and 50% women. The analyses reported in this paper are based on the 40,647 participants who completed the SF-12 as part of their baseline telephone interview. This sample includes 2,581 persons who reported a history of stroke and 38,066 persons who did not.
Procedures and measures
Participants were recruited via mail and telephone contacts from a commercially available nationwide list of households that was purchased through Genesys, Inc. The list was then stratified by geographic region, and the demographic stratifying and eligibility variables were then assessed during the initial telephone contact. For eligible and consented participants, other demographic characteristics, health behaviors, history of cardiovascular procedures, history of stroke, psychosocial factors, general health, and cognitive function were collected through a computer-assisted telephone interview. A subsequent inhome visit was scheduled, and written informed consent, blood and urine samples, electrocardiogram, and blood pressure measures were obtained from the home visit.
Additional methodological details concerning the REGARDS study are available elsewhere [19, 20] . This study and all of its recruitment, informed consent, and data collection procedures were approved by the Institutional Review Board (IRB) of the University of Alabama at Birmingham (Protocol # F020925004) and by the IRB of each participating institution.
During the telephone interview, participants provided information regarding their age, gender, race, education, income, marital status, and living arrangement. The participant's self-reported history of stroke was assessed with the interview question ''Were you ever told by a physician that you had a stroke?'' Those who answered ''Yes'' were classified as having a self-reported history of stroke.
Information on HRQoL was obtained using version 1 of the SF-12. The PCS and MCS scores were obtained using the standard scoring algorithm provided by the instrument's developers [2] . The 4-item version of the Center for Epidemiological Studies-Depression scale (CESD-4) was used to screen for depressive symptoms [21] . The CESD-4 has been shown to have sufficient reliability and validity in comparison with full 20-item CESD [21] . In addition to history of stroke, participants were also asked whether they had ever experienced a heart attack/myocardial infarction or ever been diagnosed with hypertension or diabetes. The number of disease conditions endorsed (range = 0-4) was used as an index of disease comorbidity (DIS).
Data analysis
Cronbach's a coefficients [22] were calculated to estimate the internal consistencies of the SF-12's PCS and MCS in this cohort. Instruments with Cronbach's a of 0.70 or greater are considered to have satisfactory internal consistency [23] . Correlations among the PCS, MCS, CESD-4, and DIS were computed to ascertain the construct validity of the PCS and MCS in our sample.
Next, confirmatory factor analysis methods were applied to the raw item data to investigate the factor structure of the SF-12 and to compare factor solutions for persons with and without a history of stroke. CFA is a form of structural equation modeling that is used to evaluate the fit of proposed measurement models [24] . Two measurement models were tested: a 1-factor model that forced all SF-12 items to load on a single latent variable; and a 2-factor model that specified the five physical functioning, role-physical, and bodily pain items to load on a physical health factor only, the four role-emotional and mental health items to load on a mental health factor only, and the three items assessing general health, vitality, and social functioning to load on both the physical and mental health factors. The physical and mental health factors were allowed to be correlated in the 2-factor model. In addition, for both the 1-and 2-factor models, a correlated residual was estimated between the two physical functioning items that ask about the extent to which health limits participation in ''moderate activities'' and ''climbing several flights of stairs.'' Previous CFA studies on the SF-12 have allowed for this correlated residual due to the similarity in the wording of these two items and their response options [25, 26] .
All CFA models were estimated and tested using version 5.1 of the Mplus analysis system [27] . Because the SF-12 items are measured on an ordinal scale with a limited number of response options, weighted least squares estimation (WLSMV option in Mplus) was used to model the observed polychoric correlation matrix (CATEGORICAL option in Mplus). The factors were identified by fixing the factor loading for item 4 (on the physical health factor) and item 6 (on the mental health factor) to be one. Chi-square goodness-of-fit tests that compare the observed data to the data that can be reproduced on the basis of the model were used to assess the fit of each model. The degrees of freedom for these chi-square tests were calculated from the empirical data using the algorithm associated with the WLSMV option as described by Muthén and Muthén [27] . Because the chi-square test is highly sensitive to sample size, additional fit indices were examined including the comparative fit index (CFI) and the root mean square error of approximation (RMSEA). These fit indices take into account overall model fit and the complexity of the model. The CFI ranges from 0 to 1, with higher values representing better fit. Values above 0.90 and 0.95 are considered indicative of reasonable and excellent fit, respectively [28] . For the RMSEA, lower values represent better fit, with a value of 0.08 or less considered indicative of reasonable fit and 0.05 or less indicating very close fit to the observed data [28, 29] .
Nested model comparisons were conducted to examine the incremental fit of the 2-factor model over the 1-factor model and to examine the invariance of these factor models across participants with and without a history of stroke. The DIFFTEST option was used in conjunction with the WLSMV estimation method when conducting chi-square tests of the statistical significance of any improvements in fit between nested models. The invariance models were conducted using a multiple group CFA approach in which separate models were run that first constrained the factor loadings to be equal across stroke-history and non-strokehistory groups and then allowed these loadings to be different between the two groups. In both types of models, the item thresholds were constrained to be equal across the two groups, and the residual variances of the items (estimated using the THETA parameterization option in Mplus) were fixed at one in the non-stroke-history group and freely estimated in the stroke-history group. Latent variable means, variances, and the covariance were estimated and allowed to differ across the two groups. Under these specifications, the factor loadings were compared in the context of assuming equal item thresholds and unequal item residual variances across the two groups. If the constrained model was found to fit the data nearly as well as the more unconstrained model, then this was considered evidence that the factor loading estimates are equivalent between the two groups under these specifications. In this case, that would mean that the sensitivity of any one of the 12 items as indicators of the underlying latent constructs is similar across the stroke and non-stroke-history groups. Such a finding would support the validity of the SF-12 for measuring HRQoL after stroke events, especially if the underlying latent factors are also highly correlated with the standard PCS and MCS component summary scores. Conversely, if the unconstrained model was found to fit the data much better than the constrained model, then this would suggest that at least some of the SF-12 items are not assessing the same constructs in the same manner in both groups and might call into question the validity of the SF-12 component summary scores for use in measuring HRQoL in one or both groups.
After fitting the SF-12 item measurement model, the correlations of the actual PCS and MCS composite scores with the latent factors were examined to determine whether the latent factors estimated with REGARDS data closely resembled the SF-12 component summary scores as calculated by the standard scoring algorithms. Differences between participants with and without a history of stroke on the latent factors and on the component summary scores were estimated in standardized effect sizes (standard deviation units). We expected participants with a history of stroke to have significantly worse physical and mental health compared to participants without a history of stroke, and these effects would be evident on both the standard summary scores and the latent factors before and after adjusting for demographic variables. Table 1 displays demographic information for the REGARDS participants by stroke-history status. Participants who reported a history of stroke were older, were more likely to be men, and were more likely to be African American compared to participants who did not report a history of stroke.
Results
Descriptive characteristics
Reliability and construct validity
The SF-12's PCS and MCS demonstrated good internal consistencies within the entire sample, within subjects with a history of stroke, and within subjects without a history of stroke. Specifically, Cronbach's a for the PCS was 0.868 in the entire sample, 0.845 in the stroke-history group, and 0.866 in the non-stroke-history group. For the MCS, Cronbach's a was 0.816 in the entire sample, 0.812 in the stroke-history group, and 0.813 in the non-stroke -history group. These values clearly exceed the recommended threshold of 0.70 for acceptable reliability [23] . Further, they show that the PCS and MCS have very similar reliabilities in both stroke-history and non-stroke-history groups.
Pearson's correlations among the PCS, MCS, CESD-4, and DIS within the entire sample were as follows: -0.23 (CESD-4 and PCS), -0.66 (CESD-4 and MCS), -0.34 (DIS and PCS), and -0.10 (DIS and MCS). Within the stroke-history group, these correlations were -0.20 (CESD-4 and PCS), -0.68 (CESD-4 and MCS), -0.22 (DIS and PCS), and -0.07 (DIS and MCS). Finally, within the non-stroke-history group, the correlations were -0.23 (CESD-4 and PCS), -0.66 (CESD-4 and MCS), -0.30 (DIS and PCS), and -0.08 (DIS and MCS). All correlations were significant at P \ 0.0001. Although the CESD-4 and DIS are arguably rudimentary measures, this pattern of relationships supports the construct validity-i.e., convergent and discriminant validities-of the SF-12's component summary scores.
Confirmatory factor analyses of the 1-and 2-factor models
The CFA results for the entire sample showed that the 1-factor model with all items loading on a single ''general health'' latent factor showed poor overall fit to the observed data (v 2 = 25,910.06, df = 27, P \ 0.0001, CFI = 0.865, RMSEA = 0.154). The 2-factor model that forms the basis of the PCS and MCS was found to provide much better fit (v 2 = 4,625.76, df = 32, P \ 0.0001, CFI = 0.976, RMSEA = 0.059), and the nested comparison revealed that the 2-factor model fit significantly better than the 1-factor model (v 2 = 10,765.47, df = 3, P \ 0.0001). The RMSEA for the 2-factor model suggested that some minor improvements in fit might still be possible, but overall, very good to excellent fit was observed for this model.
The standardized factor loadings for the 2-factor model are displayed in Table 2 . All loadings equal to 0 were fixed to be 0 in the model identification process. All non-zero loadings in the total sample analysis were significantly different from zero (P \ 0.0001). A moderate positive correlation of 0.54, which was significantly greater than zero (P \ 0.0001), was found between the physical health latent factor (PHLF) and the mental health latent factor (MHLF). An alternative 2-factor model that forced PHLF and MHLF to be completely independent and uncorrelated did not provide good fit to the observed data (v 2 = 26,132.00, df = 15, P \ 0.0001, CFI = 0.864, RMSEA = 0.207). The 2-factor model with the moderate correlation between the PHLF and MHLF was therefore adopted as the optimal SF-12 measurement model and used in subsequent analyses to examine the invariance of the SF-12 items as indicators of these latent factors across the stroke-history and non-strokehistory groups. 
Multiple group invariance analyses
The multiple group CFA model with the factor loadings constrained to be equal across stroke-history and nonstroke-history groups provided excellent overall fit to the observed data (v 2 = 4,003.74, df = 84, P \ 0.0001, CFI = 0.980, RMSEA = 0.048). When the equality constraints on the factor loadings were relaxed in the unconstrained model, a statistically significant improvement in fit was observed in the nested model comparison (v 2 = 155.94, df = 11, P \ 0.0001), but the overall model fit statistics were worse for this unconstrained model (v 2 = 4,261.66, df = 83, P \ 0.0001, CFI = 0.977, RMSEA = 00.052). In essence, both the RMSEA and CFI (which take into account both statistical fit and the complexity of a model) were slightly better for the constrained model, suggesting that the statistical improvements in fit for the unconstrained model were rather minimal and trivial when weighed against its increased complexity.
The standardized factor loadings for the unconstrained multiple group 2-factor model are presented in Table 2 . All non-zero factor loadings from the multiple group analysis were significantly different from zero at the P \ 0.0001 level except for the loading of the general health item on the MHLF for the stroke-history group, which was more modest but still significantly different from zero (P = 0.04). An inspection of these loadings revealed no loading differences greater than 0.11 between strokehistory and non-stroke-history groups. In fact, 10 of the 15 factor loadings differed by 0.05 or less between the two groups, and only one of the 15 loadings differed by *0.10 between the two groups. However, supplemental DIF analyses (results not shown) indicated that many of these rather small loading differences were statistically significant (Ps \ 0.01), with the loadings for the stroke-history group tending to be slightly lower. The statistical significance of these loading differences was likely driven by our large sample size, as opposed to indicating meaningful between-group differences. The standardized correlation between the PHLF and MHLF was also very similar across groups, ranging from 0.544 in those with a history of stroke to 0.535 in those without a history of stroke.
Given the similar fit statistics of the constrained and unconstrained models and the small differences in the factor loadings when unconstrained estimates were allowed, these findings support an interpretation of ''approximate invariance'' [30] such that the association between any one of the SF-12 items and the underlying latent factors is largely equivalent across the stroke and non-stroke-history groups.
Associations between the SF-12 latent variables and component summary scores Even though the 2-factor model resembled the structure for calculating the standard PCS and MCS scores from the SF-12, the factor loadings for the PHLF and the MHLF from All zero factor loadings were fixed to be zero in the model identification process. All non-zero factor loadings were significantly different from zero (P \ 0.0001), except the loading of the general health item on the MHLF for the stroke-history group. The correlation between PHLF and MHLF was 0.54 (P \ 0.0001) in the total sample, 0.59 (P \ 0.0001) in the stroke-history group, and 0.53 (P \ 0.0001) in the non-stroke-history group. Items with negative factor loadings represent those SF-12 questions on which higher scores indicated poorer health status, whereas items with positive factor loadings represent the SF-12 questions on which higher scores reflected better health this analysis are specific to the REGARDS sample and may not correspond well with the weights used in the standard calculation of the PCS and MCS. The CFA models were therefore extended to add additional observed variables and examine the correlations between the latent factors and the component summary scores and to compare participants with and without a history of stroke on both the latent factors and component summary scores.
The standardized correlations between the REGARDSspecific latent factors, the calculated component summary scores, and participant age are listed in Table 3 . All correlations are significantly different from zero (Ps \ 0.001). As expected, the PHLF was highly correlated with the PCS (r = 0.97) and the MHLF was highly correlated with the MCS (r = 0.96), indicating that the REGARDS-specific latent factors closely resembled the standard component summary scores, with the notable exception that the latent factors are moderately correlated with each other (r = .54), whereas the component summary scores are not (r = 0.08). Both latent factors and the component summary scores showed very similar correlations with participant age, with older participants reporting slightly worse physical health but better mental health than younger adults.
Comparisons between participants with and without a history of stroke on the latent factors and the component summary scores are summarized in Table 4 . In these models, the effects represent the differences between the two groups in standard deviation units. For example, in the entire sample, the standard deviation for PCS was 10.61. The product of 10.61 and -0.70 (i.e., the unadjusted estimate for PCS in Table 4 ) is -7.43. Thus, the mean PCS score of the stroke-history group is approximately 7.43 points lower than that of the non-stroke-history group, as reflected in the means in Table 1 (within rounding error). Effects in Table 4 are presented both before and after adjusting for age, race, and gender effects. As expected, participants with a history of stroke reported significantly more physical and mental health problems than participants without a history of stroke, and these effects were highly significant statistically both before and after adjusting for demographic covariates. The physical health differences (PHLF and PCS) were notably stronger than the mental health differences (MHLF and MCS), and the REGARDSspecific latent factors (PHLF and MHLF) tended to yield somewhat stronger group differences than their respective component summary scores (PCS and MCS, respectively).
Discussion
The results of this study indicate that the measurement properties of the SF-12 items are remarkably similar for persons with and without a history of stroke in the context of a 2-factor measurement model that postulated separate but correlated physical and mental health factors. To our knowledge, this is the first study that has examined the factor structure of the SF-12 items among persons with a history of stroke using CFA. A prior study that investigated the ''factor structure'' of the SF-12 in stroke patients used a more exploratory principal components analysis approach [10] , and other researchers who have examined the SF-12's measurement properties among other patient populations have also utilized more exploratory factor analysis procedures [31] [32] [33] .
The excellent fit of the 2-factor model, the similarity of the estimated factor loadings across persons with and without a history of stroke, and the close correspondence [2, 3] . It is encouraging that, among persons with a history of stroke, a popular and standardized instrument such as the SF-12 appears to have psychometric properties that are comparable to those observed in the general population. A moderate correlation was observed between the physical health and mental health latent factors, indicating that overall physical health is not completely independent of mental health. This moderate correlation is inconsistent with the near zero correlation between the SF-12 PCS and MCS scores, which is the result of a scoring algorithm based on an orthogonal factor rotation procedure [2] . Results from prior studies have also questioned the forced orthogonality of the SF-12 and SF-36 summary scores [35] [36] [37] [38] . This artificial orthogonality of the PCS and MCS scores may undermine the sensitivity of these summary scores to capture veritable improvements in physical and mental health over time. Others have also shown that correlated PCS and MCS summary scores more accurately reflect the underlying raw data compared to orthogonal summary scores [26, 39, 40] . Interestingly, Wilson and colleagues [39] demonstrated that, of three factor extraction methods tested, SF-36 summary scores derived from a confirmatory factor analysis with correlated physical and mental health factors provided the best fit to the data.
Comparisons between persons with and without a history of stroke revealed that those with a history of stroke reported poorer physical and mental health compared to those without this self-reported history. These effects were found on both the REGARDS-specific latent factors and the standard SF-12 component summary scores. Both latent and component summary measures estimated the impact of stroke on physical functioning to be about twice as large as its impact on mental functioning. Prior investigators have similarly found evidence of diminished physical and mental health and HRQoL among persons who have experienced a stroke. For example, Carod-Artal and colleagues [41] reported that patients with stroke continued to report significant levels of depression, restriction in psychosocial functioning, and dependence in activities of daily living 1 year post stroke. Other studies have documented similar deficits as far out as 4 years post stroke [42] . Previous analyses of REGARDS data have shown that even persons who report symptoms suggestive of stroke but deny a history of stroke or any transient ischemic attacks (included as persons without a history of stroke in the present analyses) report poorer HRQoL compared to symptom-free persons [6] . Taken together, these findings suggest that even relatively mild strokes can have adverse effects on a person's physical and mental health, including emotional difficulties caused by the awareness of an increased risk of future strokes [43] .
Limitations of the present study include the reliance on self-report data for a positive history of stroke. Even so, prior epidemiological studies have demonstrated the validity of self-report in establishing a history of stroke [44] . The SF-12 was only administered on a single occasion in this study, so we were unable to examine other potentially important SF-12 psychometric properties such as test-retest reliability or sensitivity to change over time. However, results from other studies suggest that the SF-12 summary scores have satisfactory test-retest reliabilities among patients with stroke [4, 9, 10] . We also acknowledge that, because respondents were non-institutionalized and appeared competent to provide informed consent, these findings may not be generalizable to all stroke survivors. Finally, we note that because the development model fit statistics have largely occurred within the context of parametric maximum likelihood estimations, their application to non-parametric ordinal models should be made cautiously. Aside from these limitations, we note that this paper is unique in several ways. It was conducted with a large national sample of persons who were not selected because of their history of stroke or stroke-related impairments and includes large numbers of participants with and without a self-reported history of stroke. This contrasts with prior studies that have largely relied on convenience samples from medical clinics or rehabilitation programs to examine questions concerning HRQoL following stroke.
In summary, this is the first study to our knowledge that has used CFA methods to examine the hypothesized 2-factor structure of the SF-12 items for persons who report a history of stroke. We demonstrated that this 2-factor model provides very good fit to the observed data and shows remarkable similarity across persons with and without a history of stroke. These findings support the validity of the SF-12 summary scores for assessing general HRQoL in persons with a history of stroke, and the use of this relatively brief instrument could yield useful data, especially in large-sample observational studies where questionnaire administration time and reduction in research burden are important considerations. Finally, our findings argue that, to be valid, an evaluation of an instrument's psychometric properties must be driven by adequate statistical methodology, include an appropriate comparison group, and use sufficiently large samples. This is of considerable clinical, research, and public policy interest due to the potential for disservice when otherwise bona fide instruments are rejected on the basis of conclusions reached using less than adequate methodologies.
